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Abstract
Background: Bad breath has a significant impact on our daily social life to those
who suffer from it. The majority of bad breath originates within the oral cavity.
However, it is also possible that it can come from other sources such as gastric-
intestine imbalance. The term ‘‘oral malodor’’ is used to describe a foul or offensive
odor emanating from the oral cavity, in which proteolysis, metabolic products of
the desquamating cell, and bacterial putrefaction are involved. Recent evidence has
demonstrated a link between oral malodor and adult periodontitis. The process
of developing bad breath is similar to that noted in the progression of gingivitis/
periodontitis. Oral malodor is mainly attributed to volatile sulfur compounds
(VSC) such as hydrogen sulfide, methyl mercaptan and dimethyl sulfide. The pri-
mary causative microbes are gram-negative, anaerobic bacteria that are similar
to the bacteria causing periodontitis. These bacteria produce the VSC by me-
tabolizing different cells/tissues (i.e., epithelial cells, leukocytes, etc.) located in
saliva, dental plaque, and gingival crevicular fluid. Tongue surface is composed of
blood components, nutrients, large amounts of desquamated epithelial cells and
bacteria, suggesting that it has the proteolytic and putrefactive capacity to pro-
duce VSC. One of the challenges in dealing with oral malodor is to identify a
Key words: oral malodor/periodontal disease;reliable test for detecting bad breath.
oral malodor/etiology and treatment; halitosis/Aims: The purposes of this review article were: (1) to correlate the relationship pathogenesis; sulfur compounds/toxicity
between oral malodor and adult periodontitis; (2) to analyze current malodor tests
and discuss available treatment regimens. Accepted for publication 4 September 2000
Halitosis affects a large proportion of
population and may cause a significant
social or psychological handicap to
those suffering from it (Hine 1957).
This common disease has been ignored
for too long by periodontologists, even
though the most common cause is re-
lated to microbiota of the subgingival
areas and the related tongue coating
(Van Steenberghe 1997). It is estimated
that more than 50% of population in
North America suffer from halitosis
(Tessier & Kulkarni 1991, Bosy 1997).
An epidemiological survey of the gen-
* Previously, Department of Preventive Den-
tistry, Okayama University Dental School,
Okayama, Japan.
eral population of Japan showed that
24% of the individuals examined com-
plained about bad breath (Miyazaki et
al. 1995a). Consequently, halitosis is
one of the major sources of multimil-
lion-dollar industry. In the USA alone,
over $500 million are spent annually on
mouthwashes, sprays, and related over-
the-counter products toward to man-
agement of this common problem (Tess-
ier & Kulkarni 1991).
Halitosis is the general term used to
describe unpleasant breath, regardless
of its sources, oral or non-oral. For ex-
ample, the air expired through the nose
is involved in halitosis. Oral malodor is
the term especially used to describe the
odor from the oral cavity (Kleinberg &
Westbay 1990, Newman 1996). De-
langhe et al. (1997, 1999) examined
hundreds of patients with bad breath
and found that around 87% of them
were originated by oral causes, whereas
only 5–8% were attributed to ear-nose-
and-throat (ENT) causes.
There are various compounds that
produce unpleasant smelling in human
oral environment, such as hydrogen sul-
fide, methanethiol, dimethylsulfide, n-
dodecanol, n-tetradecanol, phenol, in-
dole, diphenylamine, pyridine and
others. (Kostelc et al. 1980, 1984).
Especially, volatile sulfur compounds
(VSC; hydrogen sulfide, methyl mercap-
tan and dimethyl sulfide), that arise
from bacterial metabolism of amino
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acids, mainly contribute to oral malod-
or (Tonzetich & Richter 1964, Tonzetich
1971). It has been demonstrated that
the intensity of clinical bad breath is
significantly associated with amount of
intra-oral VSC level (Rosenberg et al.
1991a, b). The periodontal pocket is an
ideal environment for VSC production
with respect to the bacterial profile and
sulfur source. In addition, VSC also ac-
celerate periodontal tissue destruction.
This may explain why patients with
periodontal diseases often complain of
oral malodor.
Therefore, the purposes of this re-
view article were: (1) to correlate the re-
lationship between oral malodor and
adult periodontitis; (2) to analyze cur-
rent malodor tests and discuss available
treatment regimens.
Clinical Relationship between
Periodontal Disease and Oral Malodor
Studies conducted over the past 50
years have shown the link between peri-
odontal disease and offensive odor. For
example, saliva collected from individ-
uals with periodontal disease putrefied
more rapidly than that from healthy in-
dividuals (Sulser et al. 1939, Berg et al.
1946, 1947). Berg et al. (1947) collected
saliva of 100 periodontally healthy and
100 periodontally involved patients.
After 3-h incubation at 37 æC, saliva of
periodontitis patients showed higher
amount of hydrolysis, indole and sulfide
than that from healthy patients. Conse-
quently, a more disagreeable odor was
produced from the saliva of peri-
odontitis individuals. VSC in mouth air
increased with the increase of the num-
ber and depth of periodontal pockets
(.3 mm) (Tonzetich 1978). Later, Yae-
gaki & Sanada (1992a, b) also found
similar results, in which the concen-
trations of hydrogen sulfide and methyl
mercaptan in mouth air were higher in
patients with probing depth .4 mm
than healthy controls. They also found
that the methyl mercaptan/hydrogen
sulfide ratios were significantly in-
creased in patients with periodontal dis-
ease and indicated the possible role of
methyl mercaptan as an accelerator for
periodontal disease.
Several clinical studies demonstrated
the elevated VSC levels in periodontally
involved pockets. Rizzo (1967) meas-
ured hydrogen sulfide production in
periodontal pockets semi-quantitative-
ly. He used filter paper strips impreg-
nated with lead acetate. A positive reac-
tion occurred when the paper turned
black or brown after insertion into peri-
odontal pockets. A positive correlation
was noted between the amounts of hy-
drogen sulfide in the gingival crevice
and the depth of corresponding peri-
odontal pockets. Soils-Gaffer et al.
(1980) measured hydrogen sulfide pro-
duction in 240 gingival crevicular fluid
(GCF) samples. A positive correlation
was observed between gingival index,
GCF volume and hydrogen sulfide pro-
duction. Coil & Tonzetich (1992) ana-
lyzed VSC in 20 periodontal pockets
from 17 periodontal patients. The in-
flamed pockets (with bleeding on prob-
ing) exhibited significantly higher total
sulfide than corresponding non-in-
flamed pockets (without bleeding on
probing). Recently, we measured VSC in
210 periodontal pockets with different
radiographic bone loss from 70 peri-
odontal patients (Morita & Wang
2001a, b). The result demonstrated that
VSC rose significantly with an increase
in radiographic bone loss, and were
highly correlated with other clinical
parameters such as probing pocket
depth, clinical attachment level, and
bleeding on probing.
VSC Production through Periodontal
Pathogens
VSC is produced through the result of
putrefaction of food debris, cells, saliva,
and blood within the oral cavity, mainly
through microbial putrefaction (Klein-
berg & Westbay 1990, Ratcliff & John-
son 1999). Oral microbes, especially
gram-negative bacteria, are primary
pathogens responsible for oral malodor
production (McNamara et al. 1972,
Tonzetich & McBride 1981, Persson et
al. 1990). McNamara et al. (1972) incu-
bated bacterial-free saliva filtrate alone
or with broth medium and detected no
malodor. On the other hand, when they
changed the conditions to the bacterial-
containing saliva, malodor was pro-
duced. In addition, the ratio of gram-
positive to gram-negative organisms in
saliva underwent a shift in favor of
growth of gram-negative organisms, ac-
companied by appearance of putrid
odor. Tonzetich & McBride (1981)
found the pathogenic, proteolytic
strains of Bacteroides melaninogenicus
produced more VSC than non-proteo-
lytic strains. Treponema denticola, Por-
phyromonas gingivalis, Porphyromonas
endodontalis, Prevotella intermedius,
and Bacteroides loescheii produced sig-
nificantly higher amount of sulfides
than other bacteria (Persson et al.
1990). Other bacterial species recovered
from periodontal pockets such as Enter-
obacteriaceae, Bacteroides forsythus,
Centipeda periodontii, Eikenella corro-
dens, Fusobacterium periodonticum, etc.
also had a high capability to generate
VSC in vitro (Persson et al. 1990, Gold-
berg et al. 1997).
Reduced salivary flow rate and stag-
nation of saliva were found to contrib-
ute to bacterial shift and oral malodor
formation (Kleinberg & Westbay 1990).
In addition, saliva in a slightly alkaline
condition produces typical odor, while
slightly acid saliva has the opposite ef-
fect (McNamara et al. 1972). An acid
pH prevents the formation of odorous
metabolic end products by inactivating
the enzymes required for the putrefac-
tion of amino acids (McNamara et al.
1972), and several amino acids favors
alkalinity when the pH is acidic (Klein-
berg & Codipilly, 1995). Oxygen de-
pletion in saliva/plaque also plays a
complex but important role in malodor
formation. Oxygen depletion is a sig-
nificant factor in determining the extent
to which the oxidation-reduction poten-
tial (Eh) falls during amino acid degra-
dation. This is an important way to de-
termine which kinds of bacteria can
grow and whether oral putrefaction and
malodor may occur (Kleinberg et al.
1996). Therefore, oxygen depletion and
its availability may control the types of
odoriferous compounds.
The mechanism of how microbes in-
fluence sulfide formation is described
by the following example. Fusobacteri-
um nucleatum, a prominent organism in
gingivitis and periodontitis (Slots
1977), metabolizes cysteine and meth-
ionine to produce VSC (Pianotti et al.
1986). The desulfuration of cysteine is
initiated by cysteine desulfhydrase,
where pyruvate, ammonia, and hydro-
gen sulfide are generated. The hydroly-
sis products of methionine are a-keto-
butyrate, ammonia, and methyl mer-
captan. The metabolic pathways
involved in methionine and cysteine
degradation during odor formation are
also well documented by Kleinberg &
Westbay (1990).
It is, of course, recognized that not
all malodors emanating from the
mouth are caused by microorganisms
(McNamara et al. 1972). In peri-
odontally healthy or edentulous indi-
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viduals with no detectable dental
causes, oral malodor production may
be associated with degradation of pro-
teins, sulfur containing organic com-
pounds on the surface of the tongue,
tonsils and in the saliva. Many patients
with a healthy oral status have oral mal-
odor caused by expired air passing over
sulfur and protein rich secretions as-
sociated with post-nasal drip (Newman
1996).
Sulfur Source in Oral Cavity
Tonzetich & Kestenbaum (1969) incu-
bated whole saliva, salivary sediment
and supernatant obtained from the cen-
trifugation of whole saliva to compare
their ability in producing malodor. The
results indicated that whole saliva pro-
duced the maximal odor. The sediment
by itself, which contained exfoliated
squamous cells, could also produce ma-
lodor. However, the supernatant alone
did not generate any odor. Later, Ton-
zetich & Johnson (1977) analyzed thiol,
disulfide, total sulfur and inorganic sul-
fate in whole saliva, its supernatant and
sediment fractions. Findings from this
study demonstrated a direct correlation
between VSC production and its thiol
and disulfide content. The sonication of
whole saliva significantly increased thiol
and disulfide concentration of the
supernatant. This corresponded with
the decreased concentration in sedi-
ment. Results from these two studies
suggest that cellular components in sali-
vary sediment are essential for odor
production. The disulfide present in
salivary sediment is mostly cystine. Cys-
tine can be converted into cysteine that
produces malodor when saliva is incu-
bated for a period of time (Kleinberg &
Westbay 1990). On the contrary, fresh
saliva does not have significant poten-
tial for producing malodor, since it has
a low level of free amino acids (Klein-
berg & Westbay 1990).
Plaque, like the salivary sediment,
possesses strong potential for odor for-
mation (Tonzetich & Kestenbaum
1969). Most of odors released were hy-
drogen sulfide and methyl mercaptan as
that noted with salivary sediments.
Plaque is composed of bacteria as well
as salivary proteins. The loose outer-
most layer of plaque often referred to
as material alba and usually contains
desquamated epithelial cells and some
blood cell elements (Mandel 1966).
Gingival crevicular fluid also contains
various sulfur sources, for example,
blood cells and sulcular epithelium (Ya-
egaki & Sanada 1992b).
Effect of VSC in Periodontal Disease
Hydrogen sulfide and methyl mercap-
tan, two major VSC associated with
oral malodor, play an important role in
the pathogenesis of periodontal disease.
When a porcine non-keratinized sub-
lingual mucosa was exposed to hydro-
gen sulfide and methyl mercaptan, its
permeability increases by 75% and
103%, respectively (Ng & Tonzetich
1984). Bacterial antigens such as lipo-
polysaccharide (LPS) induce gingival
inflammation, however, mere exposure
to these antigens is not sufficient
enough to cause gingivitis (Offenbacher
1996). Rizzo (1970) reported that pre-
existing agent is required to allow LPS
to penetrate healthy gingival epithel-
ium. Therefore, VSC potentially facili-
tate the penetration of LPS and result
in inflammation (Ratcliff & Johnson
1999).
VSC can also induce periodontal
tissue destruction through variable
pathways directly or indirectly. When
porcine epithelial tissues were treated
with methyl mercaptan, the tissues
demonstrated extensive impaired and
dead cells (Johnson et al. 1992a). These
findings suggest that VSC are directly
toxic to epithelial tissues and can facili-
tate bacterial invasion into underlying
connective tissue. In addition, when hu-
man gingival fibroblasts were exposed
to hydrogen sulfide and methyl mercap-
tan, total protein synthesis was reduced
by 18% and 35%, respectively. The
changes in total protein were ac-
companied by a corresponding decrease
in collagenous protein, which resulted
from increased degradation and sup-
pressed synthesis (Johnson et al.
1992b). Johnson et al. (1992a) reported
that methyl mercaptan suppressed
DNA synthesis by 44% and altered col-
lagen metabolism in fibroblast cultures.
In addition, methyl mercaptan reduces
collagen synthesis by 39%, while in-
creases intracellular degradation of
newly synthesized collagen by 62%
(Johnson et al. 1996). Methyl mercap-
tan, when used alone or in combination
with interleukin-1 (IL-1) or lipopoly-
saccharide, can significantly enhance
human gingival fibroblasts to secret
prostaglandin E2, cAMP and procol-
lagenase. These secreted substances
may contribute to the increased produc-
tion of collagenase and tissue destruc-
tion in periodontal disease (Ratkay et
al. 1995). Claesson et al. (1989) re-
ported that polymorphonuclear leuko-
cytes (PMN) were able to kill bacteria
even in the presence of sulfide. However,
sulfides may annihilate the opsoniz-
ation of C3bi and affect its ability to
fight bacteria (Granlund-Edstedt et al.
1991).
Methyl mercaptan and hydrogen sul-
fide react on proteins through the in-
herent activity of thiol (-SH) group.
Both components bind to Type I colla-
gen via sulfur and affect its normal
function. In addition, methyl mercap-
tan can act as an alkalyating agent
(Johnson et al. 1992b). Therefore,
methyl mercaptan may be more harm-
ful when compared to hydrogen sulfide.
This is in agreement with clinical
studies that demonstrated the methyl
mercaptan/hydrogen sulfide ratio in-
creased with the severity of periodontal
disease (Coil & Tonzetich 1992, Yae-
gaki & Sanada 1992a, b).
Tongue Coating and Oral Malodor
While adult periodontitis is associated
with oral malodor, there is also con-
siderable evidence that even peri-
odontally healthy individuals can ex-
hibit significant levels of mouth odor.
Areas where food is trapped and stag-
nated have potential to generate oral
malodor. Recently, the dorsal surface of
the tongue has been identified as the
primary source of oral malodor in both
periodontally diseased and healthy indi-
viduals (Bosy et al. 1994, De Boever &
Loesche 1995). It is interesting to note
that oral malodor is more strongly as-
sociated with tongue coating rather
than the severity of periodontal disease.
This is attributed to a large surface area
of the tongue and its papillary structure
which retain considerable amounts of
desquamated epithelial cells and dead
leukocytes. This evidence supports the
concept that microbial accumulation
often contributes to malodor produc-
tion (Loesche & De Boever 1995). The
microbes identified around tongue coat-
ings are almost the same as those found
in subgingival plaque (Van Winkelhoff
et al. 1986).
It is generally observed that patients
with chronic periodontitis have more
tongue coating than healthy individ-
uals. Yaegaki & Sanada (1992a, b) col-
lected the tongue coating with a tongue
scraper from patients with and without
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periodontal disease, and measured the
wet weight. They found that the peri-
odontal patients had greater tongue
coating than healthy controls. They
also reported that VSC production by
the periodontal patients’ tongue coat-
ing was 4¿ higher than that of the con-
trols. Miyazaki et al. (1995b) evaluated
oral malodor using a portable sulfide
monitor in 2,672 individuals. A high
correlation was observed between VSC
and tongue coating volume in all age
groups, and between VSC and peri-
odontal disease progression in the 45 to
64 year-old age group. Based on these
results, they proposed that oral malod-
or might be caused mainly by tongue
coating in the younger individuals,
while both periodontal disease and
tongue coating are primary sources for
older individuals.
The role of specific bacteria on the
tongue surface in malodor production
has not been fully understood in vivo.
P. gingivalis, T. denticola, and B. for-
sythus are active hydrogen sulfide pro-
ducers in vitro (Persson et al. 1990).
These bacteria are detectable through
their ability to hydrolyze the synthetic
trypsin substrate N-benzoyl-DL-argi-
nine-2-naphthylamide (BANA test;
Loesche et al. 1990, Loesche et al.
1992). De Boever & Loesche (1995) re-
ported VSC levels in mouth air were
significantly associated with BANA
score on the tongue. On the contrary,
Kozlovsky et al. (1994) showed poor as-
sociation between BANA scores and
VSC. They evaluated the oral malodor
and BANA scores in various intraoral
locations (tongue, saliva and subgingi-
val plaque) of 52 Israeli subjects. When
multiple regression analysis was per-
formed with organoleptic malodor rat-
ing as the dependent variable, both
VSC in mouth air and BANA score
were identified as highly associated con-
tributing factors. One of the reasons for
the poor association is that the BANA
positive-bacteria might be associated
with the non-sulfide odorants such as
cadaverine (Goldberg et al. 1994), tetra-
decanol, pyridine, and phenol (Kostelc
et al. 1980, 1984) that can not be de-
tected by VSC monitor. In addition,
when the BANA test was examined in
relation to gingival inflammation, the
BANA test exhibited low specificity and
the high incidence of false positive
(Loesche et al. 1992, 1997). Therefore,
it is possible that even the patients with
low VSC level showed the positive
BANA test result.
Other Oral Diseases Associated with
Oral Malodor
Specific diseases such as acute necrotiz-
ing ulcerative gingivitis and pericoron-
itis can also induce a distinctive malod-
or associated with certain pathogenic
gram-negative organisms. In addition,
other oral conditions associated with
oral malodor include aphthous ulcers,
dental abscesses, candidiasis, oral can-
cers, and xerostomia (Messadi 1997).
Caries by itself is not an etiologic factor
of malodor, unless the lesions are large
enough to trap food (Rosenberg 1996).
Non-oral Diseases Associated with
Oral Malodor
Hunger and morning breath are causes
of temporary malodor. This is the result
of stagnation of epithelial and food
debris. Certain hormonal changes that
occur during ovulation, menstruation,
pregnancy and menopause produce ma-
lodor (Bosy et al. 1997). Other extra-
oral diseases such as chronic sinusitis,
tonsillitis, bronchitis, diabetes mellitus,
hepatic failure, renal failure, lung carci-
noma, and trimethylaminuria are cap-
able of producing oral malodor (Messa-
di 1997). Furthermore, some sensitive
individuals may suffer from halitopho-
bia, an imaginary bad breath (Hawkins
1987, Rosenberg 1996).
Treatment and Management of Oral
Malodor
Treatment algorithm for oral malodor
is a step-by-step problem-solving pro-
cedure and well described by Newman
(1996). Before commencing treatment,
a clinician must determine the source of
malodor. The simplest way to distin-
guish oral from non-oral origin is to
compare the smell from mouth and
nose (Rosenberg 1996). If the origin is
from nasal or if the patients have the
potential medical etiology, they must be
referred to a physician for further
evaluation and treatment.
The odor generating from the mouth
often requires a dental treatment. There
are no standard and accepted protocols
for the treatment of oral malodor, how-
ever, the possible protocols contain the
basic elements including standard den-
tal and periodontal treatment and fo-
cused oral malodor treatment. If the
patient does not respond, the diagnosis
cycle must be restarted (Newman 1996).
Objective measurement of VSC using
an instrument is an essential part of di-
agnosis.
Effective methods for treating mal-
odor reduce anaerobes by improving
oral hygiene and periodontal health
through basic dental care (Morris &
Read 1949, Tonzetich & Ng 1976). Indi-
viduals who flossed daily had signifi-
cantly less odor level than those who
did not (Rosenberg 1996). Hence, it is
a good motivation tool to have patient
smell the floss after each use. For pa-
tients with complicating factors such as
fixed and/or removal prosthesis or for
aged people, more advanced hygiene
method should be employed including
oral irrigation and sonic or ultrasonic
toothbrush (Newman 1996).
When the patients’ conventional hy-
giene is adequate but their oral malodor
problem exist, tongue brushing is also
an effective way (Rosenberg & Leib
1995). Tonzetich & Ng (1976) reported
that tongue brushing is twice as effec-
tive as tooth brushing in reducing oral
malodor. Cleaning the tongue can be
performed by a toothbrush or variety
of tongue scrapers that minimize gag-
ging reflex. The patients should be re-
minded that the posterior part of the
tongue is the least accessible but usually
smells worst (Rosenberg 1996). After
dental and tongue cleaning, hydrogen
sulfide and methyl mercaptan concen-
tration in the mouth air decreased by 25
to 75% (Tonzetich 1977, 1978).
If the patients still suffer from oral
malodor after maintaining good oral
hygiene, rinsing or gargling with an ef-
fective mouthwash may be advised. One
way to treat periodontal patients with
oral malodor is a combination of reg-
ular periodontal treatment and a chlor-
hexidine mouth rinse (Bosy et al. 1994,
Scully et al. 1994, Quirynen et al. 1998).
Quirynen et al. (1998) monitored pa-
tients with oral malodor. Individuals
were treated with scaling and root plan-
ing, and then divided into 2 groups, no
additional treatment (a control group)
and adjunctive chlorhexidine disinfec-
tion including mouth rinse, spray and
subgingival irrigation (a test group).
Both groups resulted in significant re-
ductions in organoleptic odor rating.
However, the test group had more obvi-
ous malodor reduction than the control
group did. Although the efficacy of
chlorhexidine mouth rinse has been ap-
proved, many patients do not comply
with the long-term use of chlorhexidine
because of alterations in taste sen-
sations, burning sensations, and stain-
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ing to the teeth. Hydrogen peroxide
mouthwashes also reduce concentration
of salivary thiols. These agents may be
useful in management of acute necrotiz-
ing ulcerative gingivitis (Scully et al.
1994). Various products such as a 2-
phase, oil-water mouth rinse (Kozlov-
sky et al. 1996, Yaegaki & Sanada,
1992c), zinc chloride rinses (Tonzetich,
1978), and cetylpyridinium chloride
rinse (Niles & Gaffar 1995) can effec-
tively reduce oral malodor for several
hours. However, their long-term effect
remains to be determined.
Most commercial products claim to
effectively eliminate mouth odor. How-
ever, they only mask oral malodor by
the use of strongly flavored solutions in
an alcohol base, therefore often act as a
temporary relief rather than a perma-
nent cure (Bosy 1997). These mouth-
washes may actually accelerate oral ma-
lodor because of the drying effect
caused by the high alcohol content. Pa-
tients should be instructed to stop using
any mouth rinses containing alcohol as
part of the treatment plan to eliminate
oral malodor (Rosenberg 1996).
Diagnose of Oral Malodor
Future study needs to develop more re-
liable and reproducible instrument for
evaluating oral malodor. Subjects com-
plaining of bad breath were generally in-
capable of scoring their own oral malod-
or in an objective fashion, and partial
objectivity could be obtained if they
smelled their own expectorated saliva
(Rosenberg et al. 1995). So far, subjec-
tive organoleptic examination (Rosen-
berg et al. 1991a, Bosy et al. 1994, Iwak-
ura et al. 1994) has been used as a bench-
mark for oral malodor measurement.
However, there is considerable variation
between judges on the ranking of the
same sample (Rosenberg et al. 1991b,
Rosenberg & McCulloch 1992). In order
to assess oral malodor objectively, a gas
chromatography (Tonzetich 1971, Solis-
Gaffar et al. 1975, 1980, Tonzetich et al.
1991) or a portable industrial monitor
has been developed (Rosenberg et al.
1991a, b, Shimura et al. 1996). Because
a gas chromatography requires technical
expertise and a portable monitor can de-
tect only VSC level, both of them are in-
sufficient for evaluating oral malodor
accurately. Bosy (1997) recommended
the direct sniffing of expelled mouth air
as the most reliable and simple approach
to analyze oral malodor. The new diag-
nostic method(s) should allow us to de-
termine all the possible odorous com-
pounds separately in a short time, and
hopefully, with e-commerce technology,
do certain ‘‘on-line’’ breath analysis
soon (Rosenberg 1996).
Future Aspects
VSC in periodontal pockets might be
used as a predictor of periodontal dis-
ease. Periodontal disease progresses in
an unpredictable fashion, with active
disease followed by periods of remission
or quiescence (Socransky et al. 1984).
Hence, it is important for clinicians to
accurately assess the following infor-
mation: (a) determination of active dis-
ease sites; (b) quantitative monitoring of
therapy response; and (c) prediction of
the future disease sites. However, current
available tools/tests are not applicable
for achieving these goals due to lack of
accuracy, objectivity and limited ability
in diagnosing ongoing or active disease
(Armitage 1996). Fine & Mandel (1986)
proposed to utilize hydrogen sulfide, one
of causative periodontal pathogens’
products as an indicator for disease se-
verity. The value of this hypothesis re-
mains to be elucidated. It is also interest-
ing to determine the degree of contri-
bution by pocket VSC to whole mouth
odor. For this study, we have to measure
VSC level in periodontal pockets quanti-
tatively. Then multifactor analysis in-
cluding pocket VSC level and odor level
of the tongue and the other parts of oral
cavity will provide us useuful infor-
mation in management of patients with
oral malodor.
The dental research community has
long ignored the subject of oral malodor
(Kleinberg & Westbay 1990, Van Steen-
berghe 1997). Recently, along with the
growing public and media interest in oral
malodor, dental professionals are be-
coming more aware of their patients’
concern/needs. It is our hope that future
studies will overcome the difficulty of di-
agnosing this long standing problem and
provide effective treatments to relieve in-
dividuals who suffer from oral malodor.
Zusammenfassung
Assoziation zwischen Mundgeruch und Er-
wachsenenpardodontitis: Eine Literaturüber-
sicht
Für die Personen, die darunter leiden hat
schlechter Atem eine signifikante Auswir-
kung auf das tägliche Sozialleben. Bei der
Mehrheit liegt die Ursache für schlechten
Atem innerhalb der Mundhöhle. Es ist je-
doch auch möglich, dass die Ursache auch
aus anderen Quellen kommen kann, wie gast-
rointestinale Veränderungen. Der Terminus
‘‘Mundgeruch’’ wird verwendet, um einen
fauligen oder störenden Geruch, der aus der
Mundhöhle strömt zu beschreiben. Hierbei
sind Proteolyse, metabolische Produkte von
desquamierten Zellen und die bakteriellen
Putrifikation involviert. Vor Kurzem könnte
eine Verbindung zwischen Mundgeruch und
Erwachsenenparodontitis aufgezeigt werden.
Der Prozess der Entstehung von schlechtem
Atem ist vergleichbar mit der Entstehung ei-
ner Progression von Gingivitis/Parodontitis.
Der Mundgeruch wird hauptsächlich den
flüchtigen Schwefelkomponenten (VSC), Me-
thylmerkaptan und Dimethyl-Sulfid zuge-
schrieben. Die primär verursachenden Mi-
kroben sind Gram-negative, anaerobe Bakte-
rien, die ähnlich sind, wie die Bakterien, die
Parodontitis verursachen. Diese Bakterien
produzieren die VSC durch das Metabolisie-
ren von verschiedenen Zellen/Geweben (z.B.
Epithelzellen, Leukozyten usw.), die im Spei-
chel, der Zahnplaque und dem Sulkusfluid
vorhanden sind. Die Zungenoberfläche be-
sitzt Blutkomponenten, Nahrungsstoffe, gro-
ße Mengen von desquamierten Epithelzellen
und Bakterien und es lässt sich annehmen,
dass sie die proteolytische und putrefaktive
Kapazität zum Produktion von VSC hat.
Eine der Herausforderungen im Umgang mit
Mundgeruch ist die Identifikation eines zu-
verlässigen Tests zum Nachweis von schlech-
tem Atem. Daher war der Zeck dieser Litera-
turübersicht: 1. Die Korrelation der Bezie-
hung zwischen Mundgeruch und
Erwachsenenparodontitis und 2. Die Analyse
der aktuellen Mundgeruchstests, sowie die
Diskussion der vorhandenen therapeutischen
Vorgehensweisen.
Résumé
Association entre halitose et parodontite de
l’adulte: une revue
L’halitose a un impact significatif sur notre
vie sociale quotidienne. La plupart des hali-
toses proviennent de la cavité buccale. Ce-
pendant, il est également possible qu’elles
proviennent d’autres sources telle que la
mauvaise balance gastro-intestinale. Le ter-
me halitose est utilisé pour décrire une mau-
vaise odeur provenant de la cavité buccale
dans laquelle la protéolyse, les produits méta-
boliques des cellules desquamées et la putré-
faction bactérienne sont impliqués. Une évi-
dence récente a démontrée un lien entre l’ha-
litose et la maladie parodontale. Le processus
de développement d’une halitose est sembla-
ble à celui noté dans la progression de la gin-
givite ou de la parodontite. L’halitose est es-
sentiellement attribuée à des composés de
sulfure volatile (VSC) comme le sulfide d’hy-
drogène, le mercaptan méthyle et le sulfide de
diméthyle. Les microbes principalement en
cause sont des bactéries anaérobie Gram-né-
gatif qui sont semblables à celles provoquant
la parodontite. Ces bactéries produisent des
VSC en métabolisant différentes cellules et
818 Morita & Wang
tissus (c.-à-d. les cellules épithéliales, leuko-
cytes, etc.) localisées dans la saliva, la plaque
dentaire et le fluide créviculaire. La surface
de la langue est recouverte d’éléments san-
guins, de nourriture et de grandes quantités
de cellules éphitéliales desquamées et de bac-
téries ayant la capacité protéolytique et pu-
tréfactive de produire des VSC. Un des défis
dans le combat contre l’halitose est de trou-
ver un test capable de détecter cette mauvaise
odeur. C’est pourquoi les buts de cette revue
ont été: (1) de corréler la relation entre hali-
tose et parodontite et (2) d’analyser les tests
d’halitose actueles et de discuter les régimes
de traitement disponibles.
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